Hydrological modelling is an important tool for the detailed evaluation of hydrological processes, allowing the analysis of the consequences of current management practices and the prediction of the impact of medium-and long-term agricultural and demographic projections. The present study intends to analyze the water management practices and demographic evolution of the Sabor River basin between 1960 and 2009, and to evaluate the medium-and long-term impact of agricultural and demographic projections. To that end, we used two separate software packages to fulfill the proposed goal, SWAT and MIKE HYDRO Basin. This SWAT was used in the construction of the hydrological model and MIKE HYDRO Basin in the simulation of water allocation, namely irrigation and domestic consumption. Primary results indicate that the low population density recorded in the basin area between 1960 and 2009 was negligible and had no significant impact on the flow. However, as the agricultural area occupies 59% of the basin, the water consumption for irrigation represented, on average, 27% of the streamflow.
INTRODUCTION
The changes in land use and demography form an important component of environmental change. The human interference in the quantity and quality of water resources is significant enough today to be defined as a function of the management of the land use practiced in the river basin. These changes in a hydrographic basin can have significant impacts on runoff and on the concentration of sediments and nutrients in water. This approach enables the evaluation of various water uses and aspects related to the land use. The hydrological modelling is an important tool to evaluate the hydrological processes in detail, allowing, on the one hand, to analyze the consequences of current management practices, and on the other, to predict the impact of environmental and demographic projections in the medium and long term.
The SWAT (Soil and Water Assessment Tool) software was the hydrological model used to model the physical processes that occurred in the Sabor River basin. This software is based on a mathematical model developed by the United States Department of Agriculture (USDA) [1] , [2] . This software was selected because it is a physical model that requires the introduction of a series of spatio-temporal data, to predict the impact of human interventions (e. g. changes in agriculture practices and the addition of chemical fertilizers) in hydrological and chemical processes in river basins [3] , [4] . The MIKE HYDRO Basin is software developed by the Danish Hydrologic Institute [5] and is used as a decision support tool for integrated water resources management and planning. This software provides comprehensive hydrological modelling to provide basin-scale solutions. It is used to manage water distribution in a basin which includes reservoir and hydroelectric operations, as well as water quality problems [6] , [7] . In this study, MIKE HYDRO Basin was selected to create the water allocation model for irrigation and domestic consumption. The objective of this study is to evaluate the impacts of water management practices and demographic trend in the Sabor River basin as well as to estimate the effects of medium and long-term changes of the demographic projection in the water allocation for domestic consumption and agriculture.
MATERIALS AND METHODS

Study area
The Sabor River is located in northeast Portugal and is a tributary of the Douro River. The main watercourse is 212.6 km long and the area of catchment is approximately 3834.5 km 2 (3170 km 2 Portuguese part) (Fig. 1) . The meteorological data for the basin from 1960 and 1999 shows an annual average rainfall of 745 mm, 565 mm of evapotranspiration and 151 mm of surface runoff respectively. The data based on Corine Land Cover 1990 [8] demonstrates that agriculture occupies 59% of the basin area, whereas 31% is occupied by semi-natural areas and 9% of the basin is covered is forested area. The final 1% is covered by artificial areas and water bodies.
SWAT and MIKE HYDRO Basin models and input data
In SWAT, the Sabor River basin model was divided into 37 sub-basins. Subsequently, the digital elevation model [8] , soil type, Corine land cover [9], meteorological and hydrological , and on the characteristics of each crop from the full form of FAO tables [13] . The crops defined for irrigation were: olives, forages, fruit trees, vineyards, maize, potatoes and vegetables and legumes. The olives represent the crop with the largest area, about 322 km 2 (Table 2) , distributed in the center and south of the Sabor River basin (Fig. 2) .
The projection of water allocation in the river basin was estimated for 2060. By 2060, it is expected that the population will decrease by 24% [11] . The objective is to know the consequences of the population decrease in the water allocation at the basin, this is because in the last decades the decrease of the population has led to the decrease of the irrigable area at the basin [11], [14] . In Portugal between 1989 and 2009 there was a decrease of 350,000 ha of irrigable area, which represented a reduction of 39% [15] . Therefore, it is expected that irrigable area and water used in agriculture will decrease continuously. In this way, the projection for 2060 estimates the reduction of 71% of irrigable area. 3 RESULTS AND DISCUSSION The SWAT was used to delineate the 37 sub-basins, create the drainage network and build the hydrological model. The hydrological model was constructed to simulate the components of the water balance for each sub-basin of the Sabor River. The sub-basins, the drainage network and the results in the hydrological model, namely the surface flow and groundwater recharge were inserted in MIKE HYDRO Basin. In MIKE HYDRO Basin, water user and irrigation user icons were also added per sub-basin to model the water allocation in the basin (Fig. 3) .
Following the simulation of water allocation (for irrigation and domestic consumption) using MIKE HYDRO Basin, the simulated streamflow model was compared to the observed streamflow of the river. Results of this comparison, i.e. the hydrograph demonstrates low correlation between the simulated and observed streamflow (Fig. 4(a) ). This correlation is low because the data simulated by the SWAT were not calibrated. The calibration was not done because it is intended to use both the SWAT and the MHB. The SWAT was used to construct the hydrological model and MIKE HYDRO Basin was used to simulate the water used for domestic consumption and for irrigation. The hydrological model cannot be calibrated in the SWAT because the observed streamflow used in calibration includes the water that was used for domestic consumption and irrigation. However, the dispersion plot of the simulated vs observed streamflow showed a good coefficient of determination (0.7) (Fig. 4(b) ). /s. The sub-basins with the highest streamflow were those that presented the highest domestic consumption of water and the largest amount of water spent in irrigation. The highest water consumption was recorded in the sub-basins located in west of the basin. The low domestic consumption of water is due to the low population density and the low water consumption per capita (Fig. 2, Table 1 ). For example, the year 2005, the population density registered was 20.4 inhabitants/km 2 . Each inhabitant consumed on average 49 liters/day of water, which implies a negligible decrease of 0.03% in the streamflow, while in the summer period the decrease rises to 1.4%, due to immigration. On the other hand, the water consumption for irrigation was more significant. The basin has approximately 573 hectares of irrigated area [9] , which represents 18% of the basin area ( Table 1 ). The highest water consumption occurred in west of the basin, where olive, fruit trees and vegetables and legumes dominate ( lead to a decrease in the use of water for domestic consumption. This decrease will have little impact on the availability of water in the basin because the population density is low. However, the reduction of 71% of the irrigable area, as a consequence of agricultural abandonment, will lead to increased availability of water in the basin. The sub-basins most affected with the reduction of the irrigable area are situated in west of the basin, where agricultural production is greatest.
4 CONCLUSIONS This study used two water modelling software packages, SWAT and MIKE HYDRO Basin. SWAT was used to model the components of the water balance and MIKE HYDRO Basin, the simulation of water allocation, namely irrigation and domestic consumption. The comparison between simulated and observed streamflow showed that the SWAT underestimated the observed streamflow, but the coefficient of determination was reasonable (0.7). Although the software has shown some difficulty in representing the peak events. The study concluded that the low population density, recorded in the basin area, did not have a significant impact on the streamflow. On the other hand, irrigation represented a consumption of 27% of the streamflow, that was used to irrigate 18% of the irrigated area of the basin. It is expected that the change in agricultural practices will have impact on the quantity and quality of the basin water resources. The demographic projection and the irrigable area projection for 2060 estimate the population reduction of 24% and the irrigation reduction of 71%. The water consumption percentage for domestic use will be very small and the water used in irrigation will be decreased significantly as a consequence of population decline and agricultural abandonment.
